Introduction
In recent years there has been a dynamic development of light sources, especially LED light sources. Typically, the light efficiency of LED lamps does not exceed 100 lm/W, although the efficiency of 300 lm/W has been achieved (already in 2014) [1] . However, sodium and metal halide high-pressure discharge lamps remain attractive as highefficiency light sources. According to [2, 3] the light efficiency of the high-pressure sodium lamps (HPS) reaches 150 lm/W and is comparable with the luminous efficiency of commonly used LEDs. The literature on highpressure discharge lamps (sodium and metal halide) and their control methods is rich. Overview of the commonly used methods and control systems is shown, inter alia, in the following references [4 -12] . Recently, special attention has been paid to systems in which the high intensity discharge (HID) lamp is powered by a rectangular current wave [6] [7] [8] [9] [10] [11] [12] . Typically, this power supply consists of components: a PFC forming a sinusoidal supply current [7] [8] [9] [10] [11] [12] , a step-down converter working as a DC source and an inverter generating a rectangular current wave at the output with frequency several hundred, typically 200 Hz. Some control systems have the ability to adjust the luminous flux by changing the current value [13, 14] . Figure 1 shows diagrams illustrating how to power highpressure sodium lamps. In the classical arrangement (Fig.  1a) , the so-called "inductive ballast" is used to limit the current (choke with a core made of transformer steel sheets). Due to the presence of the choke, it is necessary to compensate the reactive power, using the capacitor connected from the power supply side. Drawings 1b and 1c show diagrams illustrating the power electronics supply systems of sodium or metal halide lamps (HID) [9] [10] [11] [12] . The system includes components such as: EMI (radio frequency disturbance) filter, PFC (power factor corrector) and inverter. In the circuit of Figure 1b , the rectangular wave of the output current is shaped by an inverter. In spite of the fact that the inverter shapes the current wave of frequencies of several hundred Hz, the transistors of this inverter switch with frequency of several dozen kilohertz. In addition, the coil that restricts the ramp of rising or falling of the current is located at the output of the inverter.
Methods of supplying high pressure sodium lamps
In the circuit shown in Figure 1c , current wave is forming by means of an additional step-down DC/DC converter. The transistors of the inverter switch only with a frequency of several hundred Hz (eg. 200Hz) while the transistor in DC/DC converter switches with a frequency of several tens of kilohertz. In this arrangement the choke which limits the rise / fall of the current is located at the output of the DC/DC converter (at the input of the inverter).
The arrangement of Figure 1b has a simpler structure in Figure 3 shows the oscillograms of current and voltage of the same lamp when it is powered from an inverter (designed and built by the author [14] based on Figure 1c ), which forces a rectangular current waveform. Figure 4 shows the instantaneous values of current, voltage, and power of the lamp in the extended time scale, corresponding to those in Figures 3b and 3c . Voltage and current are rectangular waveforms, but the voltage is established after several tens of microseconds (Figs. 3b,  3c, 4a, 4b) , so several dozen times faster than in Figure 1 . The discharge in the lamp is practically not quenched what is shown by the trajectory of the Figure 3d . Taking into account the above described phenomena, the stroboscopic effect is unnoticeable when a discharge lamp is powered using the converter. (Figure 3a) . Figure 5 shows the characteristics of the effective value of the lamp voltage U, power P, and U / I quotient (static resistance) as a function of the effective value of rectangular lamp current. Pay attention to the variation of the static resistance of the lamp as a function of its current (or as a function of power). For the lamp under test, the static resistance varies between about 110 and 60  with increasing the current (power). The dynamic resistance (du/di) remains much smaller for the given power, as shown by the oscillograms in Figure 2 (currents and voltages after ignition). Figure 6a shows a view of a prototype of the converter system for supply a high power sodium lamp. This layout was used for registration these oscillograms, which are listed above. The thermogram (Fig. 6b ) registered during operation of this circuit shows that the losses of energy in certain components should be reduced. This prototype was used to design a fully functional device that could be produced industrially. no stroboscopic effect when the lamp is powered by current which has a rectangular shape. This is related to continuous, strong gas ionization. Under these conditions, the ignition and setting of the instantaneous voltage in the hot lamp occurs several times shorter than when supplied from the mains via the choke ballast (Figures 2 and 3 ). 2. The described layout was designed and built in accordance with Figure 1c , using commercially available specialized integrated circuits. Each of the elementary converter had a separate integrated control circuit. The setting of the lamp current can be performed by setting the internal or separated external PWM signal. 3. Supply of the discharge lamp through the inverter has enabled the control of lamp power in a wide range, from about 34 W to 180 W (rated power is 150W) without exceeding the rated current of the lamp. In this case, the current value of the rectangular waveform was given. When using an external, master control the controlled value could be, for example, power. In the near future, the author plans to carry out further comparative studies (eg illumination and spectrum of different types of lamps) using magnetic and power electronics ballasts.
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